I. C. 6499 


» Google 


DEPARTMENT OF COMMERCE 


UNITED STATES BUREAU OF MINES 
— Scott Turner. DirEcTOR 


INFORMATION CIRCULAR 


BORON AND ITS COMPOUNDS 


Lae 


R. M. SANTMYERS 


SeptemBer. 1931 


a 7 E OQ) | ‘é) STAT = if s \/ : | S TY 


I.C.6499 
september, 1931 


INFO 


ION CIR 


DEPARTMENT OF COMMERCE ~ BUREAU OF MINES 


1 


BORON AND ITS COMPOUNDS 


By R. M. Santmyers” 


Introduction. .csccscssccnvssvee 08 
Acknowledgment... .ccevccccccvcces 
General description.. 
OCCULT ONCE hice sch 6 SS Swe 
Boron minerals......... 
Borax (tincal).......- 
Boracite (strassfurtite)....... 
Ulexite (boronatrocalite)...... 
Colemanite....ccsccccvces nvaaes 
RESOVILG..5 oa.ctse cerns as-eecee eae 
Sassolite (natural boric acid). 
BLSCOLV is biscecncs eas eee 
BOLAE 666.6164 hows ewe bo ee ere a 
Description....... eee ee 
Uses.. 
Sources of supply........ceeoes 
Prepa rat 1 ON w:c:s w:0:0.0 06e o-0 Wie biawie es 
World production........seeee is 
Domestic production.........0.. 
Crude borax......... wxedese areas 
Refined borax........ 
Organization of the domestic 


e@9eoeoed @ 


industry...c.ccsccees ee 
Imports......<. Sueaet wed awewes 
Tariff history......ccccecesece 


CONTENTS 

Page | | | 
2 Exports.....i.- escece seh Gtarwivacate aves 
2 Consimption..ccccscccesscves Ae 
2 Foreign countries........ceeeees 
3 Chile and Bolivia.......... és 
5 POPU. 62% sc dvsa cence pie aie bbeies 
o Arzentina....cesseeeees Sates 
6) Other foreign countries...... 
6 Competitive conditions......... 
6 Market and prices....... gineidiciets 
6 Boric acid. ...sssececeeecseccceee 
7 Description......e--.6- miteaawies 
8 USOB eis oe ceice esses sraterataie gi etewas 
8 Sources of supply......... arr 
8 Proeparation.e....ccecesccees ixen 
8 PYOGICUs ON s6sc eckatneeeweueniene 
10 IMpPOLtS.. ce scecevccceececeecees 
11 Tariff history....s.sseeeeeeee 
ll EXDOPUS 42% bss0a0s ee imecun a a6 4 
12 Market end prices.....++...+.+ 
U2: Pel ynds to cs acaeuas pieoumenees 
15 Profuctionics sas osssteewesuies 
Preparation........ Race la eae are 
16 Imports and exports......... é 
17 -Boronssts ses cise eeeeuss fanaa u eters : 
18 Imports and: tariff...... ariretene as 
Market and prices......... aceaie 


l - The Bureau of Mines will welcome reprinting of this article, provided the 


following footnote acknowledgnent is used: 
of Mines Information Circular 6499." 3 
2 = Mineral specialist, rare metals and nometals division, U. S. Bureau of 


Mines. 


9568 


Google 


"Reprinted from U. S. Bureau 


I.C. 6499 ® 
INTRODUCTION 


Te chief compounds of boron are borax and boric acid, both of which 
have important applications in industry. 


At present the United States furnishes more than half of the world's 
requirements of borate materials, practically all from California. Nearly the 
entire production of borax in this country is under the control of four com- 
penies: The Americen Potash and Chemical Corporation, the Pacific Coast Borax 
Co., the West End Chemical Co., and the Western Borax Co. 


The Pacific Coast Borax Co. is reported as being financially controlle: 
by Borax Consolidated (Ltd.), a British company which also oms or finances 
borax properties and plants in Chile, Peru, Bolivia, and Asia Minor (Turkey) - 

In Argentina the output is controlled by the Belgian International Co. 


The increasing use of borax and boric acid is due ina large measure 
to-the research activities of the principal producing companies. The discovery 
of rasorite in 1926, making available almost unlimited amounts of borax and 
_ thereby ‘tending to reduce prices, spurred producers to even greater activity in 

securing new markets for their expanding output. The net result of these new 
_ developments has been to strengthen the export position of the United States. 


ACKNOWLEDGMENT _ 


. . + The assistance of K. G. Warner, U. S. Bureau of Mines, who compiled 
. the statistical data, is gratefully acknowledged. 


eee a | GENERAL DESCRIPTION 7 


es Boron, & nonmetallic element (No. 5) heads.the. third column in the 
periodic chart of the atoms. The atomic weight (1930) is 10.82. The specific 
gravity has not been definitely determined, as'the samples tested have been 
more or less impure, but it appears to exceed 1.84. Boron occurs in two forms, 
amorphous and crystalline. | 


Amorphous.boron is produced by the action of potassium on boric acid; 
the resulting powder is greenish brown, and is tasteless and odorless. It is 
@ nonconductor of electricity, very infusible, insoluble or possibly slightly 
soluble in water, insoluble in alcohol, ether, and solutions of caustic alkalies, 
and. is nonmetallic in its reactions.° Strong nitric. acid will dissolve it when 
cold. and hot sulphuric acid will attack it. Owing to its finely divided condi- 
_ tion when produced, it is avt to take fire spontaneously; but if consolidated 
‘by pressure, it is not affected by air at ordinary temperatures, though it 
burns with a reddish light when heated. It is one of the few substances that 


gc a Ee preferred eegaep e GPg ECA CTO 
3 — Segerblom, W., Properties of Inorganic Substances: New York, 1927, p. Iléc. 
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will combine directly with nitrogen, which it. does when heated in that gas. 


Amorphous boron is soluble in melted alumimm, from which it crystal- 
lizes out on cooling. The crystals so obtained were formerly thought to con- 
sist of pure boron, but it has been shown that they always coabets a definite 
amount of alumimm. 


This crystalline boron is a black solid having a specific gravity of 
22004 to 2664. It is almost as hard as diamond and only irferior to it in 
toughness and strength. The crystals will scratch both corundum and ruby. J. 
R. Rydberg places the hardness as 9.5 on his scale.* They melt at about 2,000° 
C., and have a sensible vapor tension at 1,600° C. They rapidly increase in 
electrical conductivity when heated. 


OCCURRENCE 


Boron is not a particularly rare element. Workable deposits of 
boron minerals are quite uncommon, but the element is widely distributed in 
small amounts. According to Clarke, the 10-mile crust, the hydrosphere and the 
atmosphere of the earth contain 0.001 per cent of boron. 


In nature, boron ia-never found in the uncombined or elementary state. 
The element occurs in the form of boric acid and borates, especially in regions 
that are or have been volcanic. It is also an essential constituent in many 
silicate minerals, including tourmaline, dactolite, etc. 


Borax and the borates deposits occur in at least five distinct monn 
all of which at one time or another have served as sources of poner: 6 


1.--Qld Lake Bedg.-—-In deposits found in old lake beds, nenaved: 
chiefly colemanite, occur in bedded deposits with other sedimentaries, such as 
&ypsun, limestone, and shales. The origin ot deposits of this type is generally 
ascribed to the action of boric acid solutions or vapors, resulting from vol- 
canic activity, upon beds of limestone or gypsum. Examples: The colemanite 
deposits of Death Valley and elsewhere in the Great Basin of California and of 
the Muddy Mountains district of Nevada; the Turkish deposits of pandermite near 
Panderma, Asia Minor. 


With the discovery of rasorite (kernite) in the Kramer borate dis- 
trict, considerable interest was expressed as to its origin. 


gee ee er ee ee 

4 - Rydberg, J. R., Die Harte der einfachen Korper: Ztschr. Phys. Chen., vol. 
33, 1900, p. 353. 

5 - Clarke, F. W., Data of Geochemistry: U.S. Geol. Survey, Bull. 770, 1924, 
Pe 29. . 

6 «= Ladoo, R. B., Non-Metallic Minerals, Occurrence, Preparation, Utilization: 

wanes New York, 1925, pp. 10l-~2. 
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According to W. T. Schaller: 


A borax lake formerly occupied the area of the Kramer 
borate district. By evaporation of the water, borax 
crystallized out. Borax crystals may have been concentrated 
at the east side by wind, or there may have been a local de- 
pression at the east side into which the concentrated borax 
solution flowed, leaving only a relatively minor quantity 
of borax et the west end. This borax was covered by mud and 
clay, with probebly layers of volcanic ash. On top of this 
borex~bearing clay was deposited additional clay, also con- 
taining borates, more probably ulexite. This clay bed would 
correspond to the borate clays of the west end of the dis- 
trict. -On top is the borate~free valley f111 (sand and 
gravel). Heat from some source--the igneous rock if intru- 
sive--melted the buried borax deposit in its own water of 
crystallization, a temperature of about 150° being reached. 

‘Enouch of the water was driven off so that on cooling the 
4~hyd:-ete crystallized as kernite. Locally, where the es- 
cape of water was prevented by impervious olay, the fused 
borax solidified into massive borax. The excess of water 
driven off from the fused borax entered the overlying ulexite- 
carrying clay and recrystallized the original ‘cotton ball! 
ulexite into the fibrous veins now found. 


2---Borax Marshes or Dry Lalces.--The borax marsh deposits of Cali- 
fornia, Nevada, and Oregon consist chiefly of ulexite but also contain borax 


(tincal). The borates were probably derived by the leaching of colemanite 
deposits at a higher elevation. The ulexite deposits of the lagoons and 
"salares" of Ascotan in the Atacama district of Chile and elsewhere in Chile, 
Peru, Bolivia, and Argentina are probably of similar origin. The borax 
(tincal) of Tibet is derived from salt lakes, which probably obtained their 
borax content from volcanic sources. | 


3.--Volcanic Yapors.——‘The nimasdles, soffione, or gaseous emana- 
tions of Tuscany, Italy, contain boric acid (sassolite), which is recovered 
commercially by solution in water. 


4.--Hot Springs in Volcanic Regions.--Hot springs in Tuscany, Ltaly, 
contain sassolite. Hot springs deposit colemanite in Chile, at Benos del 


Toro; and borax (tincal) in California, Nevada, and the Puga Valley of 
Ladakh, Kashmir, India. Mud volcanoes of Kertch and Taman, southern Russia, 
also iyo borax. | 


5.~-Marine Borates.——The complex salt deposits of the Stassfurt 
district of Germany, regarded as of marine origin, contain boracite. 


7? - Schaller, W. T., Borate Minerals from the Kramer District, Mohave Desert, 
California: I, U. S. Geol. Survey, Prof. Paper 158, 1929, p. 167. 
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Boron Minerals 


em The principal natural compounds of boron are crude borax or tincal 
(California, tincalconite), boracite, boronatrocalcite (ulexite), colenanite, 
rasorite (kernite), kramerite, pandermite (colemanite from Asia Minor), and 

sassolite (boric acid from Italy). 


Other boron minerals such as hydroboracite, rhodizite, borocalcite, 
and botryolite have little or no commercial value. 6&mall quantities of boron 
are found in schorl, apyrite, and axinite, while minute amounts are contained 
in certain mineral waters; in sea water: in certain Piant ashes; and in some 
animal tissues. : 


Borax (Tincal) 


sition.--Borax is sodium tetraborate (MagB407.10H,0, or 
Naz0.2B20,.10H50)-Bo0z, 36.6 per cent: Wap0, 16.2 per cents H,0, 47.2 per 
cent. 
General Description.--Borax occurs as short, stout, white monoclinic 
prisms, in solution in saline lakes and es a glistening white efflorescence 
or constituent of certain alkali soils. | : 


Physical Properties.--Hardness, 2.0 to 2.5. Specific gravity, 1.69 
to 1.72. Melting point, at 1 to 1.5 in scale. Index of refraction, 1.447 to 
1.472. Color, white to grayish, greenish or bluish. Streak, white. Luster, 
vitreous to dull. Transparency, translucent to opaque. Tenacity, brittle. 
Readily soluble in water. Sweetish, alkaline taste. Crystals effloresce, 
losing 5H,0 below 100° C., sixth molecule of H,0 at 100° C., seventh and 
elghth molecules at 130° C., ninth at 150° C., and tenth, at 160° 6., or 
above; 300° necessary to insure complete desiccation. 


Boracite (Stassfurtite) 
Composition.-~Boracite is magnesium borate and chloride 
(e701 Ogg oF MEO + 8B 205 -MEC1 3) #-Ba0z, 62.37 per cent; MgO, 27.00 per 
; 2, 10.63 per cent. 7 | 


Gene Description.—-Boracite occurs in mall, hard, glassy 
isometric crystals, or in white, rather eoft masses (stassfurtite variety). 


| Physical Properties.--Hardness, 7 (crystals); 4.5 (masses). 
Specific gravity, 2.9 to 3. Melting point, 2 in scale. Index of refraction, 
1,662 to 1.673. Color, white to yellowish or greenish. Streak, white. 
Luster, vitreous. Transparency, transparent to opaque. Tenacity, brittle. 
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Ulexite. (Boronatrocalcite) 


Composition.--Ulexite is a borate of sodium and calcium ( CaNaB 0g 

8H.0, or 2Ca0.Na0.5840,-16H,0):- B04; 43.0 per cent; Cad, 15.8 per cent; 
2 Lz 2-3 2 - 

Na50, 7«7 per cent; Ho0, 55.5 per cent. 


General Description.--Ulexite occurs in white, rounded masses 

(“cotton balls"), composed of loosely compacted, fine, silky fibers, easily 
pulverized between the fingers.. | oe | 

_ Physical Properties.--Hardness, 1. Specific gravity, 1.65. Melt- 
ing point, at 1 in scale of fusibility with intumescence. Index of refrac- 
tion, 1.491 to 1.520. Color, white. Streak, white. Luster, silky. Cleavaé: 
fibrous. Transparency, translucent. Tenacity, brittle. Insoluble in cold 
water: slightly soluble in hot water; soluble in acids. 


Colemanite | 
Composition.--Colemanite is calcium borate {CaeB50, 4 - 540 or ; 
2Ca0.3B50z-5H_0)!-Bo0z, 5069 per cent; Ca0, 27.2 per cent; Hp, 2 9 per cert. 


General Description.--Colemanite occurs in short, prismatic white 
crystals (resembling datolite); in loosely compacted, white, chalky masses; 
and in firm, white, compact, porcelain-like masses. 


Some authorities consider priceite as merely the chalky: variety of 
colemanite, md pandermite as the hard, compact variety of colemanite. Other 
euthorities regard colemanite as a distinct mineral, and priceite and pander 
mite are synonomous terms for a mineral having the formula 5Ca0. 6850. - 9H20 
(Hardness, 3. Specific gravity, 2.4. Index of refraction, 1.572 $o 1.594). 
Still others regard all three as separate and distinct minerals. Thus, price- 
ite is assigned the formula 2Ca0.4B.0,.GH.0. (Hardness, 3. Specific gravity 
2e26 to 2.48); and pandermite the formula 8Ca0.10B503.15H,0. 


Physical Properties.--Hardness, 3.5 to 4.5. Specific gravity, 2.29 
to 2.48. Melting point, at 1.5 in scale of fasibility. Index of refraction, 
1.586 to 1.614. Color, white or colorless. Streak, white. Luster, vitreous 
to dull. Cleavage, perfect clinopinacoidal. Fracture, uneven to subconchoid. 
Transparency, transparent. to opaque. Tenacity, brittle. Decrepitates, 
intumesces, and fuses easily on heating. Insoluble, in water. SBasily solubl: 


in hot hydrochloric acid. 
: Rasorite 
Composition.--Kernite is a borate of sodium, (NapBy0,.4H50), con- 
taining theoretically 51.02 per cent of boric acid, 22.66 per cent of sodim 
oxide and 26.32 per cent of water and organic matter. 


9568 "ed ox 


Google 


I.0.6499. 


General Description.—~Rasorite occurs in monoclinic crystals which 
closely approach triagonal forms. The crystals reach a size of several feet 
in diameter and are buried in wud or in other borate minerals (tincal). 
Rasorite has such a perfect cleavage in two directions that it cleaves in 
splintery forms which give one the impression of columnar or needle-like 
crystals. 


Physical Properties.--The hardness of rasorite is 21/2 but varies 
slightly on the different faces and in different directions. Specific gravity, 
1.908. It is colorless and transparent. Luster is vitreous, but on a fibrous 
Cleavage surface it 1s slightly satiny. The streak is white. 


Sassolite (Natural Boric Acid) 


Composition.--Sassolite is boric acid, (HzB0z) ?-Bo0., 56.4 per cent; 
H.0, 45.6 per cent. 


General Description.-~Sassolite occurs chiefly in solution or in 
vapors near volcanoes or hot springs; also in small white or yellowish scales. 


Physical Properties.--Hardness, 1. Specific gravity, 1.43. Melt- 
ing point, at 0.5 in scale. Index of refraction, 1.340 to 1.459. Color, 
white or yellowish. Streak, white. Luster, pearly. Transparency, translu- 
cent. Tenacity, brittle. Readily soluble in water. Sour or acid taste. 


The following analyses show the composition of the more important 
commercial borates:- 


Composition of commercial borates, per cent 


Rasorite, | Colemanite,| Ulexite, Boracite, 
California California | Chile and Pandermite 
| Peru Asia Minor 


Boric acid 45.89 
Lime 30.62 
Maenesia 0.55 
Oxides of 

iron and aluminum 0.98 
Sodium oxide -- 
Sodium chloride ~- 
Carbon dioxide -- 
Sulphur trioxide 1.25 
Water and organic 

matter 17.09 
Lnsoluble matter 5264 

100.00 
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| HISTORY 


| Under the name of. tincal or tincar, crude borax was exported to 

Europe from Central Asia, through Constantinople and Venice.8 It is not known 
when the trade began, but it mst have been before G. Agricola, 1556, since 
borax was much used in his time. The Arabian Avicenna first described tincar. 
From the descriptions in "De natura fossiliun," by Agricola, it is evident that 
his "“chrysocolla which the Moors call borras" was the same salt now called 
borax. According to Hoefer's *"Histotre de la chimie" (1842) the word borax is 
derived from an Arabian or Persian word "Borak" meaning white. 


After considerable discussion as to the identification of the differ- 
ent salts which at one time or another had been called borax, the true nature 
of the substance became ‘clear: "gal sedativum" wes recognized as an acid and 
called boric or boracic acid. In August, 1807, Sir Humphry Davy electrolyzed 
‘hoist boric acid and obtained a dark-colored combustible mass at the negative 
pole. The following year Davy in England and J. L. Gay-Lussac and L. J. 
Thenard in France again isolated the same substance, Davy by heating potassium 
with boric acid in a gold tube. Gay-~Lussac and Thenard prepared the substance 
_ by heating boric acid (boron trioxide) very strongly until all of its water ws 
expelled and then heating the resulting substance (now known as boric acid) 
with metallio potassium in an iron tube.- -The potassium removed the oxygen fror 
the boric acid, setting:the element free. - Davy proposed the name "boron" for 
this new element. ee _ ee Se _ 


BORAX 
Description 


The most important derivative of the element boron is borax, or 
sodium tetraborate (NapB40,.10H.0). It consists of 36.6 per cent of boron 
tetroxide or anhydrous boric acid (B50), 16.2 per cent of soda (Na0) and 47.2 
per cent of water (Ho0). It is a white powder similar in appearance to boric 
acid, is readily soluble in water and gives a faintly alkaline solution. 


Borax occurs in nature both as a saline efflorescence on the soil 
and as monoclinic crystals, sometimes of considerable size. 


USES 


In industry, borax has a considerable number of extremely important 
applications. Borax is so easily fusible that it is of great value as a flux. 
Upon this property, in part at least, depends the use of borax in the mamufac- 
ture of enamels for iron and steel articles, such as bathtubs, kitchen and 
bath fixtures, cooking utensils and laboratory equipment; in making borosili- 
cate glasses (of the "Pyrex! type) such as is used for making baking dishes, 


8 ~ Mellor, J. W., Inorganic and Theoretical Chemistry: ‘Yol.'5, London, 
1924, pp. 1-3. 
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laboratory glass ware, lamp chimeys, and electric-lamp bulbs; in pottery 
glazes; in smelting precious metal concentrates; in assaying, soldering and 
welding of metals: and in brass smelting. : 


In addition to lowering the melting point, the value of borax in 
glass depends upon the following properties: (1) boron compounds impart a 
hich refractiveness; (2) they reduce the tendency to devitrification; and (3) 
they lower the coefficient of expansion. 


For the manufacture of certain types of borax glass, colemanite in 
its natural form is used. 


Borax is used in considerable quantities in the laundry and Kitchen. 
In those localities where the water is highly mineralized or is of the quality 
known as "hard water," borax is used extensively as a water softener and by 
reacting with the soap-destroying constituents of hard water it effects a 
saving of soap. Borax is a constituent of certain highegloss starches and is 
similarly used in paper mills for imparting a gloss to book paper and playing 
cards. Hat makers prepare a size for stiffening hats by dissolving shellac 
in a solution of borax. , 


Borax is used by the citrus industry as a preservative. lLemons_ 
dipped in a 5 per cent solution of borax at 115° ¥. for five minutes keep in 
excellent condition for periods longer than a month in an ordinary shed. 10 
It is also found to act as a preservative for wood. Added to rubber latex to 
the amount of 1.2 to 1.5 grams per liter, it acts as an anticoagulent.. A 
dilute solution (3 g. p. 1.) acts as a preservative and retards the rate of 
vulcanization when kept as long as two weeks, after which it increases the 
rate. : 


One of the important commercial uses for borax as weil as boric 
acid is in the tanning industry. Here it has a wide application in the soak- 
ing and cleaning of hides and dressing the leather for subsequent processes 
of manufacture. It is also used in the washing and bleaching of chrome lea~ 
aed preparatory to dyeing and as a mordant in applying certain colors to 

eather. | 


In the textile industry borax is used in dyeing and as a means of 
rendering certain cloths fireproof. It is used as one of the reagents in.the 
chemical degumming of silk. 


| Borax is valuable as a flux for welding and brazing metals. This 
use depends upon its property of easily dissolving the metallic oxides, thus 
leaving a clean and smooth surface for welding. 


9 ~ Ladoo, R. B., Non-Metallic Minerals, Occurrence, Preparation and Utili- 
zation! New York, 1926, p. 109. | 

10 - Manning, Paul D. V., Borax: Mineral Industry during 1929, New York, 
vol. 38, 1930, pe. 66. | 
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Borax is an effective larvicide and is particularly recommended for 
the deateuction of fly larvae in manures, where it is essential that the 
larvicide exert no permanent injury on the bacteria which increase Unee hee 
lizer value of the manure. i” F ies 


In the chemical industry borax is used for the mamfacture of cer- 
tain chemicals, notably boric acid. : 


.  , Considerable research has. been carried on 1 by the — producing 
companies themselves with the idea of increasing the uses of this substance. 
Prominent among the latest developments is the employment of borax as an in- 
gredient of the batch for container. glass. Hitherto the most economical 
operation of automatic machines for producing glass containers has depended on 
the use of highly alkaline glass which lacks durability and is subject to 
chemical change due to weathering. Large-scale production has now proved that 
-in addition to producing a glass having higher durability and one that does 
not change chemically due to weathering, the time needed to melt and fine the 
batch is reduced, the yield of workable glass is greater, a higher percentage 
of marketable containers Ab Boeeaneas and the ia sae of the machines can be 
speeded up. 12 | _ 


a bources of Supply - 


Crude borate niheréls are mined’ ina number of, countries. These 
countries are in the order‘of their importance, the United States, Chile, Tur- 
key, Italy (dorte. acid), Argentine, Peru, and Germany (see Table 1). 


In the United States, up until several years ago, the commercial 
sources of boron derivatives were almost entirely from colamanite, which is 
_the hydrous borate of calcium (00985011 - Bip -5H,0) and to a lesser extent, ulexite, 
which is the hydrous borate of calcium and sodium (NaCaBs09.8H50).15 Some 
crude natural borax, known as tincal has been mined and quite a kel amount 
-of borax is now being produced from natural brines as a by-product of the 
potash industry at Searles Lake, Calif. . 


Most of the principal deposits of colemanite and ulexite in the 

: United States are found in Inyo County, Calif... and Churchill County, Nev., 
and prior to the discovery of rasorite these minerals, together with the brines 

from Searles Lake, ausoiehee the domestic rere nents for borax and boric 
Bere. 7 


Some years ago during the search for eotaal the value of the Searles 
Lake deposits became apparent and after considerable research an economical 
Process was formulated for ne production of both potash and borax.14 It is 


ll - Cook, F.C., and. Hutchins, R. a. , Experimenta in the Destruction of Fly | 
, Larvae in Horse Mature: Bull. 118, U.S. Dept. of Agriculture, 1914, 24 pp. 
12 - Chemistry and Industry, - Dévelomments in Boron Products: Vol. 48, No. 49, 
July 19, 1929, p. 717. > 
13 - Manning, Paul D.V., Work cited, Dp. 67. me 
14 ~ Teeple, John £., The Industrial Development oe Searles Lake Brines: 
New York, 1929, 182 pp. 
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probable that competition of this by-product borax forced the opening of the 
new borax deposits near Amargo, Xern County, Calif., 30 miles east of Mojave, 
during the latter part of 1926. The deposit is a pure borate of sodium, similar 
to borax but having only 4 molecules of water of crystallization, NaoBgOny. 44.0. 
This mineral when. first discovered was named "rasorite' but is also know as 
kernite, named after Kern County, Calif., in which it was first discovered. 


Preparation 


Borax has been produced from several minerals each requiring some- 
what different methods of preparation, but on the whole, the processes are al- 
ways essentially simple. 


From 1864 to about 1873, natural crude borax in the form of impure 
crystals was taken from the md on the bottom of two small lakes in Lake 
County, Calif. These crystals were treated with hot water to separate the 
soluble borax from the insoluble earthy materials and the borax recovered by 
recrystallization. 


With the discovery of colemanite and ulexite, the production of borax 
from lake md crystals ceased. The crude mineral was first calcined, which has 
the effect of changing the colemanite into a fine powder. without affecting the 
other minerals present. 


The finely powdered colemanite may then be readily separated from the 
other minerals by mechanical means. The colemanite is boiled with a solution 
of soda, thus forming a solution of borax and an insoluble residue of calcium 
carbonate. The solution is then filtered and the borax recovered by crystal- 
lization. | , 


The preparation of refined borax from rasorite is not as simple as 
it might appear, for the material dissolves very slowly in water. The mineral 
is generally calcined in a rotary kiln uader superatmospheric pressure to a 
tanperature substantially above 212° F. so that the borax dissolves in its own 
water of crystallization. This process is also suitable for other borate min- 
erals containing a gangue which has a tendency to slime when treated with vweter. 
The solution is separated from the residue and cooled to crystallize the borax. 


World Production 


The production and consumption of borate minerals hayeincreased rapid- 
ly in recent years. The United States is by far the largest source of these 
minerals, with Chile, formerly of equal importance, now ranking a remote second, 
pte ai about 12 per cent of the American output. Turkey is third and Italy 

ourth. 


15 - Yale, C.G., and Gale, H.S., Borax: Mineral Resources of the United — 
States, U.S. Geol. Survey, 1914, Part II, Nonmetals, pp. 285=6. 
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Table 1 shows the production of vorate minerals in the te aad 


Promesne countries of tho world. 


ds the United States production and’ eeietts have increased, ane 
production of borax has constantly decreased. Production of ulexite in Chile, 


all of which is in the hands of Borax: Consolidated, one of the leading: operator 


in the United States, has fallen off about 50 per cent during the past five or 
six years. It has been stated that ‘the richer deposits in Chile as well as in 


_ Bolivia and Peru have been about worked out, and the lower~grade deposits woulc 


have difficulty in competing with the rasorite from the United States. In ths 
early part of 1929 a fairly large quantity of borate mineral was praduced in 


_a&sia Minor but production dropped off sharply in 1930. German production of 


boracite has always been relatively ene] and in recent years 4t has fallen to 


| less than. 100 tons annually. 


tic 1 
Crude Borax 


| Table 2 shows the production of crude Rerese: ‘minerals in the United 
States ‘for the years 1864 to 1902, ane PHN Ves: 


Production of borax in the United States began about 1864 and con- 
sisted of natural borax crystals which were found in California in the muds on 
the bottom of two mall lakes ii Lake County. These crystals were purified by 
washing, solution, and recrystallization.: The product in the early stages of 


the industry Was, therefore, neporeed as breraaee material and valued at 28 to © 


cents a pound. 


In the late seventies came the development of native borax aa of th: 


mineral ulexite ("cotton ball" or boronatrocalcite) from marsh deposits in 
‘Nevada and California, which resulted in lowering considerably the price of the 


~, 


refined product. In the statistics, publiehed at that time production was re- 


ported as refined borax, as this was the product shipped from the mines. 


In 1873 a group of miners on the east side of Searles Lake, then 


known as Slate Range Lake organized the Borax Lake mining district and the lake 
“hen became mom as Borax Lake. - 


Five years later, John q. Searles incorporated the miners on the west 
side of the lake into the San Bernardino Borax Mining Co. and production in 
creased considerably. In 1895 this company was .sold to. the Pacific Coast Borat 


- Coe and operations ceased on SedYlos. Lake. because the latter company preferred 


to derive their borax from the colemanite: deposi ta: in: Death Valley and elsewberé 
While activities on Searles Lake began again in 1908, actual production ona 


| large scale Was-not undertaken until. in 1916, ane pero has been produced there: 


since that date as 8 by-product of poraeh: 
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| Table l.- 


900] 23,439 
301} 21,075 
302} 18,148 
303] 31,235 
304; 41,411 
905} 42,034 
306] 52,774 
907| 47,945 
308] 22,680 
909| 37,589 
910| 38,426 
911] 48,381 


38,388 
52,658 
56,608 
60,785 
93,916 


917| 98,770 
918] 80,553 
919] 60,007 
920] 109,152 
921} 45,359 
922] 77,310 
923] 123,967 
924] 105,333 
925} 103,147 
926] 105,206 
927] 98,956 
928]118, 841 
929]154,104 
930] 9/ 


The world's 


— 


Boronatrocalcite 


(ulexite) 


13,177 
11,547 


——m oe erm oe 


9/ 


LWW WWLLWWLLLLLL 


roduction of borax and borates 


Magnesium borate 


and chloride 
acite 


9/ 


Prussia| Empire 


el7 


9/ 


German 


— 282 2,491 |------- 

184 2,558} 4/ 

' 196 2,763 4/ 
159 2,583}  4/ 
135 2,624| 4/ 
183. | 2,700) 4/: 
161 2,561 4/ 
114. 2,305 |5/13,714 
128 2,520 }5/11,22 
149 2,431 7/ 
167 2,502 | ------- 
160, 2,648 |------- 
224 2,309 | ------- 
--- |8/ 2,410|------- 
moe 2,537 | ------- 
aa 23497 | en ----- 
Sted 24295 | ------- 
--- 2,935 | ------- 
--- 2,210 | ------- 

1/103 2,062 4,760 

11/ 89 1,718| 12,682 

1/ 96 2,490! 9,673 

11/104 2,448 /12/9,01 

101 2,478; 24,000 
207 2,695} 24,000 
V2 3,636! 16,000 

| 44 3,655! 18,360 

. 34 3,592] 17,881 
29 5,744; 14,943 
‘48 {14/3,600| 13,528). 
g/ |14/3,700} 6,000 


10.6499. . 


‘1900-1930, metric tons” 


13/ 


9/ 


./Data mainly from the Mineral Resources (Annual) of the United States Geological 
urvey and Bureau of Mines, the Mineral Industry of the British Empire and Foreign 
ountries, (Annual) and the Annual Report of the Mineral Resources of the U.S.S.R., 
.926 and 27. 2/Reported boracite, but may be pandermite, a calcium borate. 3/Pro- 


liced in Tibet, but exported from India. 


4/Annoal output of about 9,000 tons. 5/ 


fears ending March, 1908 and March, 1909. 6/Exports. 7/Anmual output-of 10,000 to 
11,000 tons. 8/The crude acid is manufactured: into refined acid and borax, for which 
‘orms of production statistics are quoted. 9/Information not-available. 10/Prussian 
mly. 11/See German Empire. 12/Imports into various countries from Turkey. 13/Less 
chan one ton. 14/Estimated. 


3568 


Digitized by Coc gle 


- 13 - 


Original from 


THE OHIO STATE UNIVERSITY 


I.C.6499. : 

During the eighties, however, a new source of borax and boric acid 

was discovered in the mineral colemanite (a calcium borate), which was con- 

tained in vein deposits in the Tertiary formations. This revolutionized the 

- borax industry, once more entirely shifting the basis of production. The raw 
material as mined was a compact ore mineral which was submitted to a process of 

‘manufacture in plants erected for the purpose. Reports of this production were 
then stated in terms of crude colemanite or calcium borate as mined but as pro- 


- duction of refined borax from both the old marth deposits and the new vein 
- gource contimed for a time, it was difficult to combine the statistics in 4 
single total. | 7 _ 


The following Table 3 shows the output of crude and refined borate 
‘minerals, together with their value for the years 1900-1930, inclusive. 


| During the latter part of 1926, announcement was made of the dis- 
covery of extensive deposits of rasorite, a new borax mineral which had not 
been previously known. Again the borax industry was shifted, and production 
increased considerably during the next three years. Tt is estimated that 
rasorite accounts for approximately two-thirds of the total cutput of borate 
Minerals, Searles Lake brines nearly one-third only about 300 tons being sp- 
plied from all other domestic sources. - 


The reserves of borax in the Mojave Desert and the Great Basin regions 
are so large that the amount mined could be increased considerably if the demand 
could be etimulated further. Domestic deposits are sufficient to furnish the 
entire world with borax for many yeare to come. 7 


Table 2.- Production of borate materials in the United States, 
64-1902, short tons 


Year | Crude | Refined | Value || Year | Crude | Refined | _ Vatue 
- Je | 


1864 | - - - 3,500 | $490,000 
is65 | - - - 125 4,000 | 480,000 
1866 | - = = |. 488,915 
1867 | - ~ - 550 , 000 
1868 — 7 ae 455 , 340 
1969 | - - = 500 ,000 
1870 | --- 617, 500 
1871 | ---~ 869 , 700 
1972 | --- 900, 
I873 | - - = 652, 429 
1874 | --- 974, 445 
,175 | - - - 595,900 
i877 | --- 1,080 7000 
leva | - - - 13120,000 
(1879 | --- 1,139,882 
eso | - - - | 1°028;251 
1881 | = - - 1,012,118 
(1883 | - - - 3200 


Mineral Resources of the United States, Part II, (Annual. 

Last year for which refined figures were published. | 
fote.-Prior to production from Nevada, prices ranged from'28 to 35 cents a pou 
for the refined borax extracted from the California lake waters. After 1872 
the price dropped during the next two years to 64 cents a pound; it then ad- 
venced slowly to 11 to 13 cents, but again fell off. In 1885 borax sold in Sa 
Francisco for 6 to 8 cents a pound; a further decline followed. From 1882 to 
1902 inclusive, the refined product was used as a basis for estimating the value 


Google 


Table 3.- Production of crude borate minerals in the United States 


I.C.6499.. 
1 


Year 218 

1900 . $1,677,099 
1901 2,409 , 459 
1902 z 3,609,632 
1903 $ 661,400 2,263,250 
1904 698,810 1,380,000 
1906 1,182,410 1,600,000 
1907 1,121,520 2,705,140 
1908 975,000 »650 3,994,790 
1909 1,534,365 116,110 3,183,910 
1910 1,201,842 113,700 3,085,660 
1911 1,569,151 115,970 3,128,110 
1912 1,127,813 109,080 3,475,399 
1913 1,491,530 231,000 3,999,775 
1914 1,464,400 169,870 4,515,375 


30 177,360 5.381.999 
1/ Mineral Resources of the United States, Part II (Anmual), and Preliminary 
Summary of the Mineral Products of the United States (Anmal). 
2/ Not available. 


| figure I shows the trend of production of borax in the United States 
from the discovery of the first crystals in the lake mud from Lake County, 
Calif., up until the discovery of rasorite in Kramer County of the same State. 
There is also showm graphically the periods during which each source of borax 
was actively worked and the effect on the trend of production by the various 
changes in the basis of production. 


Refined Borax 
The output of refined borax in the United States for the years 1900 
to 1930 is show in Table 4. Since 1921, however, the statistics are for 


every other year, but it will be seen that the production of refined borax hag 
kept pace with the output of borate materials. 
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Table 4.- Production of refined. in the United States ° 
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i/ Mineral Raeouroes gf the United Stat 
gf Not, reported separ vely. 24 
| B/ No published gtatistics. 


| SRganization of est dustry 


: Practically the entire production of borate minerals in the United 
. States at present ts under the control of four major companies, two of which, 
-the Pacific Coast Borax Co., and the American Potash and Chemical Co., are re 
ported as betng cohtrolled by British capital. The third company is the West | 
End Chemical Co. and its associates, among which is the West End Mining Co., 
Las Vegas, N. Max. Its borax is marketed mostly through the Borax Union, @ 
_ concern agsociated with the Stauffer Chemical Co. of San Francisco. The Vest 


The fourth producer is the Western Borax Co., operating adjacent t 
the Hinkley works of the Pacific Coast Borax Co. This company, also closely 
associated with the Stauffer Chanical Co., began production of rasorite in ti 
- Kramer district in the latter part of 1928. One other smaller company, the 
Sukow Chemical Co., closed down its plant in 1925 and has had no output since. 


& new company, the Pacific Alkali Co., started operating in 1930. 


Their plant is located at Bartlett, Inyo County, while their main office is 
at Los Angeles. 


16 - Manning, Paul D. V., Work cited, p. 680. 
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The American Potash and Chemical Co. (the old American Trona Co.), 
producer of "Three Elephant Borax," brought its new plant to full production 
of 125 tons of borax per day in 1927. This is the largest borax plant in the 
world and at present is being greatly increased in size and capacity. At this — 
Plant borax is produced as a by-product in the manufacture of potassium 
chloride. This company also manufactures ‘about 20 tons of boric eee per day . 


For some years the production of borax in the United States was 
largely controlled by the Pacific Coast Borax Co. (manufacturers of "Twenty | 
Mule Team Borax). This company, a subsidiary of Borax Consolidated Se) 
a British company, operated in Death Valley, Calif.: | 


When the American Potash and Chemical Co. started up its new plant 
in 1927, the Pacific Coast Borax Co. closed down its plant in Death Valley and 
centered its operations on the extensive rasorite deposits at Kramer. The | 
refining of borax by this company is carried on at a large plant ui Wilmington, 
Calif. The total capacity of this plant.is 5,000 tons per month. 


' Imports 


The imports of boron minerals and refined borax are quite small. It 
is of interest to note, however, that the imports of crude borate minerals — 
have tended markedly to increase during the last few years despite the rapid 
growth in production and exports; in 1929 they amounted to over 5,000 short 
tons, valued at $157,793. There were no imports recorded in 1930. These 
imports are destined primarily for consumption along the Atlantic: etaaak 
and are refined at numerous chemical plants in this region. 


“Imports: for consumption in the United States of borate niverate snd 
refined borax are shown in Tables 5 and 6. Of the imports of borate minerals, 
Turkey and Chile furnish the larger part, while England furnished. varying 
amounts of refined borax to this country. 


Table 5.- Imports for consumption of borate minerals into the United States? 


10, 080, 000 
10 180, 000. 
1/Foreign Commerce and Navigation of the United States (Anmual) Department of 
Commerce, and the Mineral Resources of the United States, Part II (Annual) 


17 ~ Manning, Paul D.V., The Mineral Industry in 1928:New York, 1929, p. 66. 
9568 7 . we | cle 


Google 


: 1.C,6499, 


Table 6.~— Importe sump Bx ted States 


Year Pounds 
1900 2/58,294 
1901 103,700 . - - " 
1902 186,807 12,002 : 
1903 146,654 13,280 = 
1904 89,447 6,630 eae: 
1905 20,395 1,626 . ae 
1906 57,711 2,436 es 
1907 2,959 175 apt 
1908 40 4 sia 
1909 20,284 1,956 as 
1910, 563 66 ef 
1911 28,815 5,230 ; "aE 
1912 16,091 1,861 po 
1913 7,900 1,125 4,9 
1914 3,862 546 7,504 1,325 
: |_1930 5.681 1,992 
1/ Foreign Commerce and Navigation of the United States (Anmal) Department of 
_ Commerce. : 
2/°1900-1917 includes "borates, calcium, and sodium (crude)." 
Tariff History 


Borax and borates first received specific mention in the tariff act 
of 1897. The duties provided for under that act were substantially reduced ix 
the Payne-Aldrich Act of 1909, and, in the Underwood Act of 1915 the duty on 
refined borex was cut to 1/8 cent a pound and crude borax and other boron 
minerals were transferred to the free list. No changes in the tariff status 
were made in the acts of 1922 and 1930. 


Exports 


- Prior to 1914, exports of borax from the United States were snall, 
but during the World War a substantial business developed with Burope. Prior 
to 1920, the statistics were not kept separately, but since that date the az 
ports have increased enormously, reaching 165,862,630 pounds (82,931 short 
tons) valued at $3,057,794 in 1930, as compared with only 4,061,633 pounds 
(2,031 short tons) having a value of $269,771 in 1921. This represents sppror 
imately one-half of the domestic output and reflects the fact that the major 

: part of the world's requirements for this mineral is supplied from the borax 
-@sposits in California and Nevada. England, Germany, Japen, and Canada are 
_ the principal markets for American borax and borate materials. 


The exports consist principally of refined borax, although crude 
borate materials are also shipped, mostly to Europe for the manufacture of re 
fined borax and boric acid. - 
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Table 7. Rates of duty on bor : 


Rates of duty 
specific and 
ad valorem 


1897 


Tariff Classification.” 


| Borax; | > Se 

borates of lime or soda or other 
borate material not otherwise pro- 
‘1vided for containing more than 36 
per cent of anhydrous boracic acid; 
| borates of soda, or other borate 
material not otherwise provided for, 
containing not more than .36 per 
cent of anhydrous boracic acid, - 


5 cents per lb.. 


4 cents per 1b. 


3 cents per lb. 


1909 Borax; | 2 cents per lb. | 
borates of lime, soda or other 
borate material not otherwise pro- 


vided for in this section. 


Do. 


1913 Soda: Borate of or borax refined. 1/8 cent per lb. 


Borax, crude and unmanufactured and 
borate of lime, soda, and other 
borate material, crude and unmanu- 
factured, not otherwise provided 
for in this section. 


Free. 


1922 : Sodium: *" borate or borax, re- 
| fined; ***** _ | 
Borax, crude or unmanufactured, and 


borate of lime, ***** 


1/8 cent per 1b. 


Free. 


1930 


Sodium: *ak borate or borax, re- 


fined. 1/8 cent per 1b. 


Borax, crude or unmamufactured, and’ 
borate of lime, borate of soda, and 
other borate material, crude and 
-|unmanufactured, not specially pro- 
vided for. | | 


Free. 


1/ Tariff Information Surveys, U. S. Tariff Commission A-1, 1921, 
p- 18. 
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Table 8.- Expoyts of borax from.the Untted States! 

Year CSC Poundg Value 
1920 14,325,038 ; $1,206,936 
1921 4,061,633 269,771 
1922 17,650,571 _ 875,101 
1923 40 , 551, 064 1,607,419 
1924 33,741,676 1,601,375 
1925 33,888,235 1,528,085 
1926 28,610,087 1,256,798 
1927 73,907,981 2,422,144 
1928 135,702,837 3,454,171 
1929 159,767,825 2,954,660 


1/ Foreign Commerce and Navigation of the United States (Anal), Department 
of Commerce. 


2/ Not recorded separately prior to 1920. 


Gongumption 


Table 9 shows the apparent consumption of borate minerals and crué: 
borax. This does not take into consideration stocks on hand, as this infor 
tion is not available. 


Production has been increasing rapidly, but exports have increase 
even more rapidly; and since imports have remained stationary (approximately 
5,000 tons annually), the indicated domestic consumption has declined. This 
decreased consumption may be caused by a decided slump in the building constr 
tion industry, which uses approximately one-third of the total consumption of 
borax for enameling cast-iron and steel plumbing fixtures and kitchen equim: 
The monthly shipments of enameled ware (baths, lavatories, sinks, and miscel- 
laneous) for exemple, have decreased from 429,338 pieces in 1925 to 202,046 
pieces in 1930.18 | 


The use of borax in the glass industry (container glass) has inoree: 
considerably in recent years, due to the advances made in the chemistry and 
technology of borosilicate glasses and container glass. Borax has been used 
heretofore only in the manufacture of higher-priced glass, notably that mic 
is heat resisting. The results of several years research on the part of oneé 
the large borax producers have been made available to the glass industry as 4 
Whole, and the use of borax has increased favorably. <Aocording to the "Survg 
' of Current Business"!9 the shimments of container glass increased from 1,805, 
gross monthly in 1925 to 2,273,000 gross monthly in 1930. 


, Sa 

18 ~ U. S. Bureau of Foreign and Domestic Commerce, Survey of Current Business 
No. 108, Aug., 1930, p. 43, and No. 114, Feb., 1931, pp. 34-35. 

19 ~ Bureau of Foreign and Domestic Commerce, Work cited, p. 77 and p. 35. 


Google 


Production 


Apparent 
Year borate consumption 
_ minerals , 
1919 - 66,146 66,147 
1920 120,320 113,160 
1921 50,000 51,889 
1922 85,220 80,123 
1923 136, 650 125,833 
1924 116,110 103,599 
1925 113,700 102,356 
1926 115,970 106,261 
1927 109,080 79,966 
1928 131,000 68,189 
1929 - 169,870 95,076 
1930 177,360 94.429 
1/ Mineral Resources of the United States (Anmal) Part Il. 


Foreign Oountries 
Chile and Bolivia 


Borates in the form of ulexite or dDoronatrocalcite occurs through- 
out the desert regions of Atacama along the border between Ohile and Bolivia 
directly inland from Antofagasta.°0 At Ascotan (Antofagasta) on the border 
between these two countries and at Maricunga,'to the north of Copiapo, half- 
way Dpetwoen Coquimbo and Antofagasta are found the largest operations. 


The deposits are extensive Bee are found in desiccated lakes known . 
as salares. These salares are extensively scattered over the arid :portions of 
northern Chile and southern Peru, and, thougn probably all contain some borate, 
only a small proportion contain enough to render them workable. The richest 
are those of the valleys of the High Andes in-.the vicinity of the Zeon 
woncenoesy many et on still pies active fmeroles . : 


The salar ‘As ‘Ascotan, near the village of Ascotan, is much the 
largest and is comnected with the coast by a railroad running from La Paz, 
Bolivia, to Antofagasta, Chile. It is the center of practically all the 
borate mining of Chile. This region is about 24 miles in length from north 
to south, and about 6 miles:wide at the broadest part. In the intense sn- 
shine the salar presents a cazzling appearance, for, excepting a small pool 
of water here and there, the’ emtire area 1s covered with etyetentne white 
crystals of various salts. 


20 - Imperial Mineral Ressurces Bureau, Borates: The Mineral Industry ‘ia the. | 
British Empire and Jording Countries, London, 1920, pp. 19-20. 
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On the eastern side there are several volcanoes with well-preserved 
craters, some of which have active fumaroles. The salar is.situéAted at an 
altitude of 12,220 feet above sea level, and the adjoining volcanic mountains 
range from 18,000 to 19,600 feet. 


In some places the ulexite is found practically free from impurities 
but elsewhere it is associated with sodium chloride, sodium sulphate, and 
calcium sulphate. The thickness of the rich strate is usually not more than 
1 foot, but considerably taicker beds have been reported. 


Peru 
Borates are found in the southern part of Peru along the boundary 
between the departments of Arequipa and Moquega at Laguna de Salinas, about 1 
miles east of Arequipa City.°1 The lake is some 8 miles in circumference ani 
lies at an altitude of 18,000 to 20,000 feet. It is dry practically througho- 
the whole of the year, and the borates form an irregular layer, the upper crus 
consisting of chloride and sulphate of soda, followed successively by fine sax 


coarse sand, sand with borate aeeeene thin layers of sand, and a 40-centimeter 
to l-meter layer of borates. 


The mineral is ulexite, containing 30 per cent of boric acid in tke 
crude state and 52 per cent after being calcined. 


Argentina 


Deposits of borates are found in Las Andes and the immediately adje- 
cent portions of Jujuy, Salta, and Catamarce in northwestern Argentina in 
large lakes and salares.““ The borate in the form of ulexite usually occurs 
mixed with calcium and sodium sulphate, sodium and magnesium chloride, oxide 
of iron and more or less sand and clay. It is found partly as layers of mass- 
ive material and partly as pebbles and concretions, the latter form being the 
richer in boric acid. The deposits are much the same as those found in Chile 
and Peru and as a matter of fact are all in the general area. 


The Tres Morros, which is the most actively worked deposit in 
Argentina, consists of a layer of concretions 80 to 100 centimeters (approxi- 
mately 2 to 3 feet) thick, containing about 37 per cent of boric anhydride. 


The deposits that are being worked at present are under the control 
of the Belgian International Co. 


Other Foreign Countries 


Commercial deposits of borates are found in several other countries, 
nemely, Germany, Turkey, India, and Tibet. 


21 - Imperial Mineral Resources Bureau, Work cited, pe 20. 
ee ~ Imperial Mineral Resources Bureau, Work cited, pp. 16-19. 
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In Germany, borax occurs as boracite, a borate of magnesium, in ths 
form of crystals, concretions, and granular masses associated with potash 
minerals in salt deposits of Permian age at Stassfurt. Rock salt, which is 
found almost throughout the section, contains disseminated borates, but the 
carnallite zone, measuring 90 to 120. feet in. Seen yields most of the 
crude boracite. | fi 


Borates have been knovn in Asia Minor since sadient times in the 
vilayet of Brusa at Sultan-Chair near Panderma, Turkey, from which the local © 
name "pandermite" is derived. Pandermite is the firm compact, porcelain- 
like masses of colemanite. It contains a higher percentage (56 per cent) of 
boric acid than any other borate mineral except boracite and rasorite. 


Sultan-Chair, which is the mining center, lies between the Manissa- 
Sona-Panderma branch of the. Smyrna-Cassaba railway, 37 miles southwest of 
Panderma and 51 miles southwest of Brusa. The basin of Sultan—Chair lies among 
hills of schist and granite.of early geological age. Sedimentary deposits of 
later age, chiefly gypsum, have accumulated to a great depth. Volcanic up- 
heaval during the period of the gypsum formation probably accounts. for the 
trachyte outflow which is found to the north of the basin, as well as for the 
fumeroles that TRerees the boric acid, | 


The bores Saposits occurring in Tibet were probably the first borates 
ever utilized. The material exported from Tibet is obtained from salt laces 
which have possibly received their borax from a volcanic source. The borax 
obtained from the Puga Valley of Ladakh, Kashmir, is deposited from hot springs 
associated with sulphur deposits, which are regarded as evidence of waning 
volcanic action. 


Campetitive Conditions 


The United States produces more than half of the world's consumtion 
of borate minerals. Nevertheless, as far as prices are concerned, the United 
States has enjoyed very few periods of prolonged stability. The periodical 
shifting of the basis of production, from mud to marsh denosits, and from 
ulexite to colemanite, to saline waters and finally to rasorite, has seriously 
er rocees the as of crude wand refined borax. 


In saceat years competition of by-product borex with resorite, as 
well as more or less severe competition between the larger producers in Calif- 
ornia, has resulted in great uncertainty in the price of borax, there being 
practically no standard price at present. 

‘Unusual as it may seen, the price situation has had little or no 
apparent affect upon production and sales of borax in this country, while the 
eeeotns of cence borax have enerenee’ greatly in recent years. 
2g ~ imperial Mineral Roeaiecen, Sareea. Work cited, p. 18. 
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3 Domestic exports of borax are chiefly by a British concern which 

formerly had a world monopoly of the production of both crude and refined 
‘borax. Several years ago, however, another large domestic manufacturer. began 
production. This company produces only refined borax and not crude borate 
materials. Although both are financed largely by British capital there is 
keen competition between these two companies. . 


American crude borax is exported principally to England, Germany, 
France, Canada, and Japan, though these countries also purchase some supplies 
from Chile and Turkey. To protect their refining industry, these countries 
levy a duty upon refined borax but permit crude borate materials to enter 
duty-free. | 


Market and Prices 


| The chief market for borax is in the manufacture of enamels or por- 
celain-like coatings for metal utensils, such as bathtubs, kitchen sinks, 
cooking utensils, and the like. An important and growing demand for borax is 
for the mamufacture of container glass, the quantity used for this purpose 
having practically doubled during the past five years. The present price of 
borax which is lower now than at any time in the history of the industry, has 
enabled this product to compete in the glass industry with soda ash and has 
resulted in a greatly increased demand for borax. 


With the discovery of borax in the United States in 1864, the re- 
fined product was quoted at from 28 to 35 cents a pound. The production of 
vlexite which started in Nevada in 1874, caused the price to fall considerably, 
reaching 6 1/2 cents in that year. It then advanced to 11 to 15 cents a 
pound, but again fell off. In 1885, with the discovery of colemanite, borax 
was priced at 6 to 8 cents a pound. The price fluctuated around these figures 
until about 1900, when it started a slow decline. By 1914, the price of borar 
crystals was quoted at 3 3/4 to 4 cents a pound. With the war came higher 
prices but by 1922, the price had again fallen, reaching 5 cents a pound mur- 
ing that year. Since then there has been a steady decrease; in 1930, borax 
crystals were quoted at 2 3/4 cents a pound. " 

The following Table 10 shows the prices of borax crystals and borax, 
granulated or powdered, for the years 1922 to 1930, inclusive. 


a a a 
e4—-U. S. Tariff Commission, Summary of Tariff Information; 1929, Schedule 
1, pe 379. 
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Table 10.~ Prices of Borax Crystals and Grarmmlated or 
Pov. eved Bore | | 


ced 


Borax ‘oryetale “Borex, enimilated 
Year ee i rants ov -powdéered | 


A § rer pou n 0arcs 
1922 $0.05325 $0.05833 
1923 | - «05250 | | 05250 
1924 «05000 eQ05000 
1925 . | 04166 204750 
1927 04208 »03958 
1928 003375 e03125 
1929 002750 | 4 "+ @Q2500 
1930 2.02750 2/. 002500 2/ 


1 eee and Minines Journal (Yeekly), New York. 
2/ Six months only, $56 a ton for crystals and $50 a ton for 
gramilated or powdered. © 


BORIC ACID 


Description 


Boric acid (boracic acid or orthoboric acid, ) is a feeble 
acid and a mile antiseptic. It is a white crystalline subs ce. that is 
readily soluble in hot water and forms salts with many metals. It crystallizes 
from hot aqueous solutions in lustrous, colorless, flexible, six-sided plates 
wnich feel greasy to the touch. It is soluble in alcohol and melts at 184° CG. 
The specific gravity is 1.4347. : | 


Uses 


Boric acid has numerous applications in industry. One of its prin- 
cipal uses is for the manufacture of borates and other chemicals. A growing 
use, however, and one which may account for the consumption of the larger part 
of the domestic sales of boric acid is fcr the manufacture of special glasses. 
Boric acid like borax, is used in connection with other acid oxides to pro- 
duce glasses which are very resistant to chemical action, especially if the 
proportion of boric anhydride is not greater than 10 per cent. It is this 
sort of glass that is being used in the mamfacture of high-grede beakers, 
flasks, and other labcratory glassware. 


Boric acid is recognized as an antiseptic and is used in eye lotions 
end various external washes, as a detergent wash for mucous membranes and 
dressings for wounds. It is also used in soaps and in cosmetics such as 
vorated talcum powder.: ae | | a 


Boric acid is used largely in Europe in the preservation of foods, 
especially emoked and dried meats, sausage, fish, and dairy products. In the 
United States this use has been almost entirely prevented by the provisions 
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of the Pure Food and Drug Act, except on food intended for export and in salt 
fish, especially cod fish. Its use in salt fish is permitted because these 
foods are aide! soaked in water before consumption, which removes most of 
the boric acid.@ 


Boric acid is also eT i in the mamfacture of water “eiawe and in 
producing nitric acid from saltpeter with simultaneous production of borax. 
It is used in high-grade cements capable of taking high polishes; for impres- 
nating wicks of stearin candles; in laundry starch glazes, and in the prepera- 
tion of hides prior to tanning, and in leather dressing compounds. In metal- 
lurgy, boric acid is used as a welding flux, for brazing copper, and for 
enameled coatings on iron and steel. It is used in fireproofing compositions | 
and for linings of safes, for pigments (Guinet's green end borated ultramarize. 
for enamel paints, for the mamfacture of imitation hardwood from softwood, 
for paper glazes, as ea mordant in the textile industry, and as a solvent blee’ 
and finally as a preservative in wine making. 


Sources of supply 


Boric acid is found free in nature and as the mineral sassolite in 
many volcanic districts. It is produced, however, in large quantities from 
other borate minerals. 


In central Italy boric acid is obtained in considerable quantities 
from gaseous ananations which come to the surface through immmerable fissures 
or dislocations in the Eocene and Cretaceous rocks. These fumarole deposits 
occur chiefly in the parishes of Pomerance, Castel Nuovo di Val di Cecina, 
Massa Marittima, and Montieri, in the Hrovince of Pisa, Department of Tuscany. 
Boric acid also occurs in the extinct crater of a volcano-on one of Lipari 
Islands, and in the crater of Stromboli,'an active volcano on another island 
of the same group, near Sicily. Volcanic emanations containing boric acid 
occur in the United States in Nevada and California and in Nova Scotie, Canam. 
These deposits in the United States and Canada, however, are not utilized for 
the production of boric acid. 


Sassolite, first found near Sasso, Tuscany, is never produced in 
the pure state, but is always associated with impurities, both soluble and 
insoluble. It differs considerably in quality, ranging from 75 to 90 per ce: 
of boric acid. 


Preparation 


Boric acid was formerly obtained by sublimation from a mixture of 1 
parts of borax, 5 of sulphuric acid, and 2 of water, heated in a retort; the 


25 -~U. S. Tariff Commission, Tariff Information Surveys, 1921, p. le. 

26 - Chemical Catalog Co., The Condensed Chemical Dictionary: New York, end 
ed., 1930, p. 81. 

et — Thorpe, Edward,: Dictionary of Applied Chemistry: London, vol. 1, 1921, 
p. 640. 
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powdered residue was frequently moistened with water and again ignited. The 
yield was small. It is now made by treating a solution of 1 pert of borax in 
4 parts of boiling water with cere quantity of sulpluric acid. On 
cooling the solution boric acid crystallizes out and a further quantity can be 
obtained by evaporating and cooling the solution. Hydrochloric acid may be 
used instead of eee acid. os, ue F ; 


Boric aoa may be obtained from pandermita and’ ‘other calcium bexatee 
by suspending the powdered mineral in water and adding sulphuric acid. A 
current of steam is blown into the liquid, so that the boric acid dissolves and 
the calcium sulphate is converted into:.a compact form which is readily separated. 
The rom es re is not allowed to rise over 80° or some boric acid will be lost 
in the vapor.. The filtered liquid is ‘cooled and allowed to crystallize. The 
crystals are ‘purified, if necessary, by recrystallization. Hydrochloric acid 
may be used instead of  sdlpinivic acid as in Nair case of preparing boric acid oe 
from borax. 


Production 


The production of boric acid in the United: States has approximately 
trebled since 1914. Prior to 1917, figures were collected anmally by the U. S. 
Geological Survey. Subsequently only the biennial figures obtained by the 
Bureau of the Census are available. Tables 11 and le show the output of boric 
acid in the United States as published by these two agencies. 


Table ii: Domestic production of boric aciat 


Quant ity ; . 
Yes | pounds Value. 


1914. |. 8,590,000 ~§ 588,981 
1915 - 8,540,000 672,380 
1916 | 11,624,000 1,227,005 
1917 11,776,000 1,383,783 


1/ Tariff Information Surveys, Tariff Act, 1913, A-1l, 
1921, p. 14. 


Table 12.~ Domestic production of boric acid” 


Number of | | : 
ments pounds 
pars 9 9 


29 43 45 
1/Burean of the Census, Census of Manufacturers 
(Biannual). : | 


28 ~ Mellor, J. W., Inorganic aie Theorovsvel Chenistry: Vol: 5, London, 
1924, pope 51-52. oe 
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Imports 


Imports for consumption of boric acid into the United States for 
the years 1900 to 1930, inclusive, are shown in Table 13. While the imports 
have been more or less steady, there has been’a tendency to decrease.. In 
1929, they amounted to only 7; 472 pounds, valued at $431, the first time thet 
they have ever fallen below 100, — eda The larger part of this acid 
comes from Italy. &, Tee. vy : 

Table 13, = orts for o6 tion of boric acid 


into the United States 
Year [yess] Pounia Value 
1900 a3, 251 | Wg 
1901 - 725,005 
1902 822° 907 
1903 © 693,619 
1904 - * 708,815. , 189, 667 
1905 676,105 | 605, 330 
1906 986,021 2/799,109 
1907 534,524 3/ 44,092 
1908 385,064 301,746 
1909 265,985 325,042 
1910 | 292,325 
1911 | | 179, 740 
1912 3 134,907 
1913 : 405,545 
1914 7, a72 
1915 20 


930 155 a 
1/ Foreign Commerce and Navigation of the United States (Anmual). Department 
of Commerce. 
Jan. 1 - Sept. 21. 
3/ Sept. 22 - Dec. 3. 


Tariff History 
Table 14 gives the rates of duty applicable to boric acid for the 


various tariff acts since this commodity first received specific mention in 
the tariff act of 1897. 


Table 14.- Rates of duty on boric acid 


| Rates of duty 
Act of Tariff classification specific and 
a . ad Valorem 
1897. Boracic 5 cents per lb. 
1309 Boracic 3 cents per 1b. 
1913 Boracic 3/4 cent per lb. 
1922 Boric 1 1/2 cents per 1b. 
1950 Boric 1 cent per 2d. 


Acids: 
_ df Tariff Information Surveys, U. S. Tariff Commission A-l, 1921, 
p. 18, and Tariff Information Summary, 1929, Schedule 1, p. 5. 
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Exports 


With the increase in the production cf borate minerals in the United 
States, the exports of boric acid have likewise increased, reaching 2,602 tons 
valued at $180,381 in 1929, compared with 781 tons, valued et $189,581 in 1922. 
It will be noted that while the quantity exported has increased about 235 per 
cent, the total value has actually declined. The average value per pound 
dropped from l2 cents in 1922 to 3.4 cents in 1929. 


Table 15.- Exports of boric acid 
from the United States! 


Year pounds Value ner pound 


1922 2/1,560,996 $189,581 
1923 891,670 104,912 
1924 727,082 79,081 
1925 766,234 
1926 1,414, 655 
1927 a 
1928 3,382,183 
1929 5,203,881 
1930 2,804,269 


5 
Tariff Information Summary, 1929, Schedule 1, p- 5, 
and Foreign Commerce and Navigation of the United 
States (Anmal), U. S. Department of Commerce, vol. 
1, 1929, p. 184. 
2/ Exporta of boric acid are not separately shown prior 
to 1922. 


Market and Prices 


The chief market for boric acid is in the manufacture of other chen- 
icals, while about 25 per cent of the total output is dispensed through whole- 
sale and retail druggists and dealers that supply household requirements. The 
remainder is distributed among meat end fish packers, mamufacturers of glass, 
soap and Cosmetics, and potters. 


During the past four or five years the domestic price of boric acid 
has been gradually declining. The average price in 1925 for boric acid in 
crystals was $0.085 per pound. This dropped to $0.0825 in 1926, to 0.08, 0.07, 
ae $0. oe a tied pound for the next three years, and in 1950 the price was quoted 

& pound. 
Italy 
Epcrnerse8 


The boric-acid industry in Italy is controlled by the Societa 
Boracifera, with headquarters at Larderello. 29 This company established in 


29 ~ Treves, M., Growth of Ttalian Chemical Industry Contimes: Chemical Mar- 
kets, vol. 28, No. 2, Feb., 1931, Pp. 143. 
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1912, following the merger of the various concerns operating the boric acid 
industry, now owns sight plants in the region surrounding the Ss and Ceciz 
Rivers, in the Province of Piza, ae, of Tuscany. . 


The activity of this Soupany is twofold - chemical and electrical. 
Both branches of its business are based on the utilization of naturel steam 
which arises out of the so-called "soffioni," or steam spouts. During recent 
years, however, mech larger quantities of steam are obtained and better condi- 
tions of exploitation are possible, by drilling. The drill holes are of vari- 
able depth, some of them reaching 1,500 feet. 


Table 16, following, shows the output of crude boric acid from the 
naturel fissures and drill holes for the years 1900 to 1930, inclusive. As 
regards natural boric acid, Italy has a virtual. monopoly, but other countries 
are able to compete with Italy in the world markets with boric acid mamfactur: 


from borax. 
Table 16.- P roduction of crude boric acid in Italy" 


Year cet tone aap Short tons 
1900 . 2,527 
1901 . 2,574 
1902 2,436 
1903 2,273 
1904 1,894 
1905 2,745 
1906 2,698 
1907 2,731 
1908 2,971 
1909 4,008 
1910 4,029 
1911 3,959 
1912 4,127 
1913 2/ 4,080 
1914 2/ 3,970 
1915 ce 


1/ Minsral Resources of the United States Bureau of Mines 
(Anmal) Part II, and Mineral Industry of the Britieh 
Emire and Foreign Countries (Annuet) . 

2/ Estimated. 


Preparation 
Up to the end of the eighteenth century, boric acid was obtained 
industrially almost exclusively from borax (tincel). In 1775, Hoeffer and 
Mascagni discovered boric acid in the waters of the Tuscany (Italy) lagoons of 


Monte Rotondo and Castelmovo, and shortly afterwards it was found in the solid 
state at Sasso, hence the name "sassoline," afterwards changed to sessolite. 


350 = Mellor, J. W., Work cited, p. 49. 
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In the vicinity of the lagoons, jets of boiling water seem to burst 
explosively from the earth, emitting clouds of steam. At a distance the boric- 
acid fumaroles and lagoons appear like clouds of vapor rising from the mount~ 
@ins. They occur over an area of about 3O square miles. 


To recover the boric acid, it is necessary merely to evaporate the 
condensed vapors from the fumaroles. In 1807, Gazzeri analyzed the waters and 
concluded that the boric acid contained in them was too small to promise 
successful extraction on a large scale. Undeterred by this, attempts were made 
at Monte Rotondo in 1815, to extract the acid on a commercial scale, but the 
cost of fuel (charcoal) required for the evaporation was prohibitive. About 
1828, the idea was conceived of applying the heat from the soffioni to evaporate 
their own weters instead of allowing it to waste itself in the air. 


The present process of extraction and preparation of boric acid in 
ieee based upon this idea is comparatively simple, and relatively inexpensive. 


The steam that issues from numerous blow holes or - soffiont in the 
ground in the neighborhood of Larderello (Mont Cerbdoli district) contains up 
to one-tenth of a per cent of boric acid. The vents either natural or artifi- 
_ Clally drilled are lined with about 8~-inch pipes or casings which extend into 
.. the earth from a few feet to over 300 feet. bare i ac of the issuing stear 

varies from 98° to 140° ¢. a oe | | 

“Circular basins, about 30 feet in Pen oie are built sont the 
soffioni so as to include two or three vents. A series of such basins are built 
at different levels on the side of a hill so as to form a kind of terrace of 
artificial lagoons. The uppermost one is filled with weter from the mountain 
streams. The hot vapors bubble up through the weter, give up their boric acid, 
and raise the temperature of the water. In about 24 hours, the impregnated 
water is run into the next lagoon where a second impregnation occurs. In another 
24 hours the liquid passes on to the third lagoon, and so on until it has 
reached the last of the series. The water will then have gathered about 2 per 
cent of boric acid. If impregnation is allowed to proceed further, boric acid 
will be carried off with the escaping steam. The solution is then allowed to 
settle in a rectangular settling—tank where the fine mud containing more or less 
boric acid is deposited. The water from the settling-tank is allowed to run 
fown a series of corrugated lead-lined evaporating troughs, generally 6 feet 
wide, 150 feet long, and 8 inches deep. These troughs are heated by vapors 
from the soffioni. The liquid enters at one end and runs over the corrugations, 
where it is rapluly evaporated. If the temperature rises much above 50°C. 
there is a loss of boric acid with the vapor. Any further evaporation, if need- 
ed, is conducted in leaden pans. When concentrated to the point of crystal- 
lization -- about 1.116-specific gravity at 15° C. ~- the liquid is trans- 
ferred to wooden crystallization vats and allowed to cool. The mother liquid 
is returned to the evaporating pens while the crystals of boric acid are re- 
moved by wooden scoops, drained in baskets and dri1:d on a floor heated by 
native steam. The first crystals are quite impure: but after recrystallizing, 
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& product containing up to 97 or 98 per cent may be stained. 15 martty 
varies, however, down to @.minimum of 62=per cerit. ‘The dried nearly pure 
crystals are shipped raw or are refined and used for the manmFacture of boraz. 


Ammonia which is also contained in the vapor is recovered seperatel: 
as is carbon dioxide, which ig found.” (An large quantities aad stean. 


a se +S 


ot he, OF 


Imports ‘and Expotts fen Ts 


Table 17 shows the foreign trade. of Italy sf porak for the years 
1900 to 1930, while Tables 18 and 19 ‘show the trade in- orude’ ane meres boric 
acid for the years 1910 to 1930. 


In addition to boric acid, Italy in recent years has been exportizn 
increasing quantities of borax, the amount in 1930 being estimated at 
3,504,360 pounds, the aie on record as the previous high gio aa 
boric acid. | | 
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Table 17.- Italian imports and exports of borax 


Pounds 


bo ko Le OLY OLY LY 


1,102,030. 


611,520 
627,200 
132,160 


4/ 


|___ Value _ 


alata tn tentenene 


359,953 


iafeafcn tone cafes 


ports from Its 


Pounds 
4,659,256 
4,826,760 
4,070,788 
1,985,804 
2,472,888 
4,970,020 
6,120,508 
2,931,320 
2,215,020 
35,755,616 
211,201 
139,772 
190,918 
66,358 
9,700 
329,147 
1,167,556 
9,259 
4,408 
221,760 


io eo OLY LO RORY 


1,223,040 
5/ 3,504,360 


© 


| <j 
kateateareararaiatete Ee 


ieateesten ea eaten ea 8 


1/ Data mainly from the Tariff Information Survey 1921, and the Mineral 


Industry of the British Empire and Foreign Countries (Annual). 
Includes boric acid. 
Value not reported. 
Information not available. 
Estimated. 
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Table 18.~ Italian imports and exports of crude boric acid” 
jee vt 0 ALY ~ XO) .s £ eu 

Year | Pounds _| Value [| - Pounds | Value 
1910 441 $ 15 1,968,487 548 
1911 a ses 1,989,652 73,157 
1912 ace on 1,871,926 68,828 
1913 asce —amep 1,700,849 . 77,428 
1914 220 32 1,475,539 77,505 
1915 220 14 809,970 | 49,636 
1916 eae eucaes 604, 722 . 4,116 
1917 sons a 238,538 | > 29,236 
1918 om aa 275,500 57,132 
1919 oa : (25 611,520 27,330 
1920 22,400 ' §85 815,360 21,178 
1921 dees setae 966,080 2/ 
1922 sits ns 1,433,600 78,959 
1923 --- — gf 
1924 sass ee 3/ 3/ 
1925 a totes 3/ 3/ 
1926 ane oo 3/ 3/ 
1927 --- --- 3/ ft . gf 
1928 "cated seis 3 3/ 
1929 — — 4/749,360 , 2/ 
1930 =-- -— 4/760,380 2/ 


1/ Data mainly from The Tariff Information Survey, 1921, and The Mineral 
Industry of the British Empire and Foreign Countries (Anmal) . 

2/ Value not reported. 

3/ Information not available. 

4/ Estimated. 
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Table 19.- Italian imports and on of refined boric acl 


Exports from Ital; 
Yee Value 
1910 1,205,916 . $65,454 
1911 839,732 . 
1912 1,598,996 81,190 
1913 1,258,827 77,142 
1914 1,148,597 80,442 
1915 2,612,671 217,288 
1916 2,850,768 461,701 
1917 2,205,923 357,264 
1918 2,622,432 633,278 
1919 3,102,400 205,401 
1920 1,921,920 68,602 
1921 2,271,360 3/ 
1922 1,720,320 161,975 
1923 3,624,320 3/ 
1924 3,711,680 3/ 
1925 3,704,960 3/ 
1926 3,171,840 3/ 
1927 3,032,960 3/ 
1928 2_932,160 3/ 
1929 2,042,880 3/ 
1930 4/1,824,912 3/ 


1/ Data mainly from the Tariff Information Survey, A-1, and the Mineral 
Industry of the British Empire and poner Countries (Anmal). 

2/ Less than 1/2 ton. 

3/ Value not reported. 

4/ Estimated. 


BORON 


Borides, other than ferroboron, of which the qualities are not ag yet 
fully determined, are used to a limited extent at present for the oxidation and 
degasification of molten metal. These borides are calcium boride ( CaBg), man— 
ganese-silicon boron, magnesium—-calcium-copper boron (about 85 per cent of 
copper), and manganese boron (MB) « These boron alloys are used mostly in the 
nonferrous metal industries, principally in brass and bronze, and some of them 
are not suitable at all for use in the manufacture of steel ol 


These products in common with ferroboron, zirconium boron, and other 
borides of even lesser application, are all made in electric furnaces. Like 
ferrotungsten, they can not be tapped molten; after each run the furnace has to 
be torn down, and whereas in the case of ferrotungsten the resulting button may 
weigh as much as 4 tons, in the case of these lighter and more difficultly 


51 —-U. S. Tariff Commission, Summary of Tariff Information, 1929, On Tariff 
Act of 1922, Schedule 3, Metals and Mamufacturers of, 1929, p. 622. 
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obtained alloys it seldom emounts to more than 300 pounds. Since the raw 
materials for these borides are relatively inexpensive, the chief item in pro- 
duction cost is the conversion charge. ae 


| Research on metallic boron and its alloys, primarily with a view of 
utilizing the element's electrical and fusing properties, have been made, 
Particularly during the war. The uses developed sc far for the element, while 
important, consume only relatively small quantities. Attempts have been made 
to utilize the electrical properties in various instruments, such as voltage 
regulators and automatic cut-outs, but without much commercial success. 


Crystalline and amorphous boron are uséd in the mamfacture of 
boron steels, for which certain special properties are claimed. 


' Boron and boron carbor are emong the hardest artificial materials 
known, and it is expected that certain applications, such as the manufacture 
of bearings, will utilize this property. Several patents have been issued 
covering these wear~resisting alloys, such as U. S..1,626,726, granted May 3, 
1927 to B. E. Meld and -R. Franks. This particular patent is for an alloy 
suitable for making bearings, gages, or other articles which are subject to 
abrasive acfiiion. The alloy is comprised of iron with 1 to 12 per cent of 
tungsten, 25 to 35 per cent of chrome, 1.0 to 365 per cent of carbon,. and 
0.1 to 1.0 per cent of boron. Experiments in France indicate that remarkably 


strong steel can be made using 0.5 to 2 per cant of boron; its action was 


claimed to be much like that of vanadium. 
According to the "Metal Industry" :°° 


_ Grinding wheels, etc., are made from abrasive grains 
(crystalline alumina or silicon carbide) and a vitrified 
ceramic bond having the same coefficient of expansion as 
the grains at temperatures below the annealing range. 
The bond mixture is the same as other well—known bonds, 
with the exception that it contains 11.3 per cent boron 
oxide. (British patent 295,292.) 


A list of patents on the extraction, manufacture, and use of boron 
compounds was published in 1927.93 | 


Imports and Tariff 


While ferroboron.has been mentioned in various tariff acts in the 
past, it was not until 1925 that any imports of this material were separately 
recorded. T:sble 20 shows the imports for consumption, together with the 
rates of duty, of ferroboron into the United States for the years 1922 to 
1929, inclusive, a | ee | | : 


$2 - Metal Industry (London), British Patents: Vol. 33, No. 16, Oct. 19, 
1928, pp. 37%80. : ae _ 
33 = Worden, Bs W., Chemical Patents Index: Chemical Catalog Co., Inc., 


New York, vol. 1, 1927, pp. 823-35. 
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Data as to imports of amorphous boron or boron alloys are not 
available. 


Table 20.~ Imports of ferroboron for consumption, and 
rates of duty 
Pres hy 
Rate of org YOUNnGS Yal — 


Yee : 

1922 (Sept. 22-Dec. 31)| 25 per cent sa 
1923 do. ---- 
1924 do. puamias 
1925 do. $226 
1926 do. 171 
1927 do. 193 
1928 do. 275 
1929 do. 

1930 


1/ Summary of Tariff Information, 1929, on Tariff Act of 1922, 
Schedule 3, U. S. Government Printing Office, Washington, D.C. 


Market and Pri ane 


With the exception of ferroboron, which is now being imported at the 
rate of about 100 to 125 pounds anmually, the limited consumption of the boron 
alloys in the United States is supplied almost exclusively from domextic 
sources. | 


Among the cheaper of the boron alloys is magnesium-calcium—copper 
boron, which contains only 2 to 3 per cent of boron and sells for about. $0.75 
@ pound. Oalcium boride, which contains about 40 per cent of boron, costs 
from $1.75 to $2 per pound, while manganese-silicon boron, containing 25 per 
cent of boron, is intermediate in value, selling for from $1.10 to $1.50 a 
pound. 


34—U. S. Tariff Commission, Sommary of Tariff Information: 7 ‘Schedule Ls 
1929, p. 623. 
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